The aim of this study was to treat soft drink industrial wastewater by anaerobic digestion. Digestion lasted for a hydraulic retention time of 30 days. The total quantity of biogas produced was 80ml. The wastewater was characterized after digestion. The result showed that chloride, total dissolved solid, total suspended solid and chemical oxygen demand met the specifications of the world health organization for the safe disposal of wastewater into the water body. The kinetics of anaerobic digestion of the wastewater was described by first order kinetic model. The net specific growth rate of the wastewater was evaluated and observed to reduce with time. The kinetic parameters such as maximum rate of substrate utilization, half velocity or saturation constant, endogenous decay coefficient, biomass or microbial growth yield and maximum specific microorganism growth rate obtained were 0.350day −1 , 204.12mg/l, 0.0222day −1 , 0.194day −1 and 0.0679day −1 respectively. This revealed that inoculation would be needed for increased volume of biogas production and for an increased digestion rate to be obtained. Based on the endogenous decay coefficient and biomass yield values, a small sludge handling facility would be required in the absence of inoculation during digestion.
INTRODUCTION
Most industrial plants during the process of manufacturing and processing generate wastewater which becomes harmful to the environment since they are mainly discharged to the nearby receiving water bodies and surrounding lands.
The consumption rate of carbonated soft drinks is very high and its production generates large quantity of wastewater [1] . Treatment technologies for soft drink wastewater resulting from the manufacturing process must be considered because the industry uses more than 12 billion gallons of water during production every year [2] . Waste waters from soft drink industries have a moderate concentration of pollutants due to the fact that they are mainly composed of washing waters from production lines which is derived from the ingredients used in the final production [3] . These include wasted soft drinks and syrup, water from the washing of bottles and cans, containing detergents and caustics, and lubricants used in the machinery [2] . As a result, soft drink wastewater (SDW) contains organic and inorganic substances and a high pH value [3] . These pollutants include total suspended solids, 5-day biochemical oxygen demand, chemical oxygen demand, nitrates, phosphates, sodium and potassium [2] . For this reason, treatment is required before the wastewater is discharged to either a receiving environment or the sewer [3] .
The organic content of soft drink wastewater makes biological treatment the most common method used for its treatment. Anaerobic digestion as a treatment process for soft drink wastewater has several advantages since BOD 5 and COD levels in soft drink waste waters are moderate [2] . Wastewater treatment with the use of anaerobic digestion has become a promising technology mainly due to the recovery of energy from organic fractions of solid wastes. Throughout the world, anaerobic digestion has become a major focus of interest in waste management. It is an environment-friendly technique to produce energy in the form of biogas and residue, which can be used as manure [4] .
The anaerobic degradation of complex organic material involves sequence of subsequent steps which are carried out by different kinds of bacteria in a mixed population. The performance of the bacteria in degrading the organic matter can be described by kinetics. This can be obtained from Monod's equation which describes the microbial growth based on the consumption of one substrate. Further, kinetics is an important tool to understand the anaerobic degradation, reactor design and operation. Its analysis is an accepted route for describing the performance of biological treatment systems and for predicting their performance. Generally, the results of kinetic studies obtained from experimental studies can be used for estimating treatment efficiencies of full scale reactors with the same operational conditions [5] . Soft drink wastewater was treated in this work using a batch anaerobic digester in order to determine the kinetics of the process.
MATERIALS AND METHODS

Material Collection
Soft drink wastewater (SDW) sample was collected from a Bottling Company in Enugu State, Nigeria on the 3 rd of May, 2013 and digestion of the wastewater commenced immediately after collection.
Experimental Procedure
The wastewater was first characterized according to standard procedure [6] before being poured into the digester. Anaerobic batch digester of ten-litre capacity was connected to a measuring cylinder and a conical flask to collect the water displaced by the biogas. Nine litres of the wastewater was poured into the digester and stirred thoroughly with a stirrer and thereafter covered with a rubber cap. During the experiment, the content was stirred and biogas production was monitored periodically until there was no more production. During the retention period, some quantity of the wastewater was periodically collected from an outlet in the digester and analyzed for COD, TSS, pH, TVC or microbial load. Ambient temperature was monitored daily throughout the retention period. On completion of digestion, waste slurry was removed from treated wastewater and proximate analysis was carried out on the waste slurry according to standard procedure [7] [8] [9] [10] . The treated wastewater was later characterized after digestion according to standard methods [6] to determine the extent of the treatment.
Kinetic Evaluation
As described in [11, 12] , limited substrate consumption is a first order reaction which can be expressed as:
Where K= the rate constant S = Substrate concentration t = hydraulic retention time (HRT) Equation (1) is characterized as exponential growth and the substrate concentration profile with respect to hydraulic retention time (HRT) as follows:
Where S 0 is the influent substrate concentration (mg/l), S e is the effluent substrate concentration (mg/l) and t is the hydraulic retention time (days).
The relationship between the exponential growth of the organism and the substrate utilization is described in (2) . Rearranging and taking natural logarithm of both sides of (2) gives (3) [12, 13] :
Where K = the first order inactivation rate coefficient (l/day).
Plotting − ln(S e /S 0 ) against t gives the order of reaction as slope.
The rate of substrate utilization (U) is related to effluent substrate concentration (S e ) in (4) according to [11] .
From ( 
K is used to determine the volume of biological reactors. The greater the value of 'K' the smaller will be the size of the reactor [14] . K also shows whether inoculation is required for better performance [11] . This makes the design of bioreactors easier. K s give an idea about the change in the specific growth rate of bacteria with a change in the concentration of the growth limiting substrate [14] .
The specific rate of substrate utilization is related to mean cell residence time [11] according to (5)
Where θ = X dX / dt = the mean cell residence time (day) = SRT = sludge age U= the specific rate of substrate utilization Y = the biomass yield/microbial growth yield (mg/mg)
From (5), biomass yield (Y ) and endogenous decay coefficient (K d ) were obtained from the plot of 1 θ versus U. Y is used to estimate the total amount of sludge produced as a result of wastewater treatment.K d is used to determine the net amount of sludge to be handled. Hence the size and cost of the sludge handling facilities can be determined from this information since the higher the value of Y and K d , the smaller the sludge production and sludge handling facilities [14] .
The maximum specific growth rate of microorganism,µ max is evaluated from (6) .
Where K = maximum rate of substrate utilization (day −1 ) µ max = maximum specific growth rate of microorganisms (day −1 )
Also from [15] and the Monod equation,
Dividing through byX gives
µ net = net specific growth rate of microorganisms (day −1 )
RESULTS AND DISCUSSION
Characterization of SDW
The wastewater characterization is presented in Table 1 . pH of 7.26 was obtained for the treated sample as against the value of 7.21 for the untreated wastewater sample. The COD reduced from 418.67 to 156mg/l at the end of the treatment. Sulphate reduced from 200 to 148.2mg/l at the end of the digestion. The microbial load indicated a gross pollution of the wastewater compared to World Health Organisation standard as stated in [16] . Further removal of these pollutants and safe disposal of the waste could be obtained if the HRT for digestion is increased. These parameters of treated SDW fell within the limit prescribed by World Health Organization (WHO) [16] [17] [18] .
Proximate Analysis for the Wastewater Slurry
The proximate analysis of the soft drink wastewater slurry is presented in Table 2 . The moisture content of the SDW slurry was high. It had low ash content and low fat content. The low ash content observed showed a loss of some minerals during the process of digestion [19] . 
Biogas Production
The effect of time on biogas production during digestion of SDW is shown in Figure 1 . It can be seen that maximum biogas production of 25ml was obtained on the 10-15 th day. Total biogas production was 80ml. Table 3 shows the kinetic data for the soft drink wastewater. Biogas production lasted for a period of 30 days. The total viable count increased and then reduced thereafter while COD and TSS reduced with time. Figure 2 shows a plot of -ln(S e /S o ) versus t for the determination of the first order kinetics of SDW digestion. The plot gave a straight line with coefficient of determination of 0.969. This confirmed that the kinetics of SDW digestion followed a first order reaction. From Figure 2 , reaction constant, K (first order inactivation rate coefficient) was determined as 0.031day −1 . This is the constant rate at which the microbes digested the available food before they became inactive. The plot for the determination of K and K s for SDW digestion is shown in Figure 3 . K were determined from the slope and intercept respectively. K and K s were obtained as 0.35day −1 and 204.12mg/l respectively. The value for K was small suggesting that the digesting microbes required much retention time to regenerate and therefore needed inoculation for better performance [11] . The implication of this is the need for a bigger reactor size for efficient digestion [14] . The value of K s showed that the concentration of the growth limiting substrate changed by 204.12mg/l as the specific growth rate of bacteria changed.
Kinetic Analysis
The plot for the determination of Y and K d for digestion is shown in Figure 4 . A straight line graph was obtained by plotting 1 θ against U. From the slope and intercept, Y and K d were obtained as 0.194mg/mg and 0.022day −1 respectively. The low values of the decay coefficient, K d and biomass yield, Y, obtained indicate that the net sludge volume obtained from the biological treatment was low, hence the size of sludge handling facilities would be small [14] .
The maximum specific growth rate of microorganism, µ max calculated was 0.068 day −1 . Figure 5 shows the variation of net specific growth of microorganisms, µ net with hydraulic retention time on the wastewater digestion. The net specific growth rate of microorganisms was seen to reduce with time. This was because the microorganisms died as the available food reduced with time. 
CONCLUSION
The kinetic parameters K, K S , K d , Y and µ max were evaluated as 0.35 day −1 , 204.12mg/l, 0.084 day −1 , 0.022mg/mg and 0.194 day −1 respectively. The low value of µ max indicated that the maximum specific growth rate of microorganism per day was relatively low. Anaerobic digestion of the wastewater was described by first order kinetic model. The net specific growth of microorganism, µ net , reduced as time increased. The values of these kinetic parameters indicate that SDW digestion required inoculation for maximum biogas production and also a large bioreactor. Anaerobic digestion has proved to be an effective method of treating soft drink wastewater. 
